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INTRODUCTION 


The purpose of this paper is to study the effect of 
residual gas concentration on the critical pressure-time 
characteristics of (1) Iso-Octane, (2) Di~iso~butylene, 

(3) Triptane, and (4) Ethyl Benzene. 

It has been observed by experimenters in the General 
Motors Laboratory, Sloan Laboratory, and elsewhere, that 
the critical pressure of Iso-Octane increases with increase 
in RPM while the critical pressures of Ethyl Benzene, Triptane, 
and Di~iso~butylene decrease with increase in KPM. ‘The simple 
auto ignition theory does not account for this behavior since 
it states that the critical pressure should increase with in- 
crease in RPM regardless of the fuel, provided other variables 
are held constant. 

A further study of the subject by Leary and Taylor 
(Reference 1) showed that the effeet of engine speed on critical 
pressure is due to "time effect" alone. The expression "time 
effect" is defined as 

(1) the rate at which the end gas is compressed and 

(2) the time required by the end gas to complete the 

necessary preliminaries to explosion. 

The term “critical pressure” is defined ag 

(1) that pressure at which the end gas explodes to 


cause the phenomenon known as detonation. 
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It is suspected that the residual gas concentration in 
the end gas may influence the “time effect" in such a way as 
to cause an increase in critical pressure with increased RPM 
using Iso-Octane, and a decrease in critical pressure with 
increased RPii using Lkthyl Benzene, Tripteane, end Di-iso- 


butylene. 
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SUMMARY 


It wes found that the critical pressure of 
friptane, Ethyl Benzene and Di-iso-butylene was higher 
at 900 RPM than at 1800 RPM at all values of residual 
gas concentration whereas the critical pressure of 
Iso-octane was higher at 1600 HPM than at 900 RPM 
for all values of residual gas concentration. ‘Thus 
the residual gas concentration and its influence on 
time effects is not the cause of the difference in 
behavior of the detonation-RPM characteristics of 
Iso-octane from those of ‘riptane, Di-~iso-butylene 
and Uthyl Benzene. 

It was also found thet at both RPM's an increase 
in residual gas concentration caused an increase in 


critical pressure for all fuels. 
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FUELS 


The tests to be described were carried out on 
Iso-Octane, Di-iso—butylene (SE 10), Triptane and 
Ethyl Benzene. About twenty gallons of each of these 
fuels were reauired to complete the tests. 

The Iso-Octane (2-2-4 trimethyl pentane) was 
obtained from Stanco Distributors, Inc. in five gallon 
drums. ‘The oaleulated chemically correct fuel-air ratio 
was .0665, 

Te Di-iso-butylene was obtained from Stanco 
Distributors, Inc. under the designation 5K 10 in five 
gailon drwns. The calculated chemically correct fuel- 
air ratio was .0681. 

The Trintane was obtained from N.A.C.A., Clevelond, 
Ohio, via the Bureau of Aeronautics, Kavy Department. ‘The 
chemically correct fuel-air ratio was .0662. 

The Ethyl Benzene was obtained from the Dow Chemical 
Co. The chemically correct fuel-air ratio was .0736. Some 
difficulty was experienced in handling Ethyl Benzene because 
of its tendency to attack rubber and plastic and its 


nauceous odor. 
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DESCRIPTION OF APPARATUS 


A standard C.F... single cylinder, water cooled, vari- 
able compression ratio engine 3.25 inch bore and 4.5 inch 
stroke having no valve overlap was used. (See Appendix B) 

The alr induction system consisted of an aluminum oxide 
drying tower (Reference 4) to keep the air bhwnidity as low 
and a8 constant as possible, a owes tank, and a vaporizing 
tank, the temperature of which was controlled by any desired 
combination of steem and cold water. An immersion type 
€@lectric heater, 220 volts, 4000 watts, was used to supplement 
the vaporizing tank when high inlet temperatures were need. 
The air supply came from e& 100 lb/in.* high pressure line 
and then came through high and low pressure regulator valves. 
After passing through the drying tower, the air was metered 
through a .515 inch A.S.M.E. orifice and the pressure 
differential across the orifice was measured with a standard 
water manometer. 

fhe fuels were metered through a calibrated rotameter, 
Fisher and Porter, No. LA-25, to 2 Bosch controllable flow 
injection pump which allowed any desired fuel rate to be set and 
held constant. The fuels were gravity fed with ea head of 
approximately eight feet. 

The exhaust system led through a surge tank in which cold 


water was sprayed for cooling purposes. The exhaust pressure 
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was controlled by means of a throttling valve and exhaust 
pump. <A mercury manometer was used for measurement of 
normal exhaust pressure and a standard Bourdon tube gage 
was used for measuring high exhaust pressure. 

Ingine coolant temperature was held constant by allow- 
ing the jacket water to boil. Uniform cooling was aided by 
an externally driven centrifugal pump and excessive loss of 
water was prevented by a condenser coil at the top of the 
jacket. 

The engine was connected to a D.C. dynamometer which was 
used as a motor for starting and as a generator for absorbing 
the power output of the engine when firing. To maintain the 
RPM at 900, two 60 ampere, 220 volt resistance stoves were 
used in the armature circuit. When operating at 1800 RPI, 
the armature discharged into the main line. The RPM could be 
accurately controlled by varying the dynamometer field strength 
and was measured by a tachometer and a strobotae operating on 
a 60 cycle frequency. 

The ignition system operated from 110 volt D. C. line. 
The spark advance was controlled by a breaker mechanism coupled 
directly to the crankshaft. A Champion RJ~2 spark plug was used 
for Iso-Octane, Di-iso—butylene and Triptane. A Champion C~7 
sperk plug was used for Ethyl Benzene because of its tendency 
to foul the spark plug at low HrM. 

Engine o11 temperature was controlled by the proper regula- 


tion of steam or cold water in the oi] heat exchanger. 
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Incipient detonation was determined by a Dumont 
Osclillograph, type 168, using a M.I.7. magnetic pick~up 
whose output is proportional to dp/dt. (Reference 3) 

The engine indicator cards were taken on a H.I.T. high- 
speed engine indicator card machine using pressure balance 
springs giving 10, 20, 150 and 200 lbs. of pressure per 
inch of ordinate along with a M.I.T. balanced diaphram 


plek-up unit. (Reference 2) 
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PROCEDUYE 

Before a discussion of the actusel experimental 
procedure can be attempted, it is necessary to look into 
the theory involved in order to justify seme of the steps 
taken, 

If the critical pressure is plotted against residual 
gas concentration (f), and the function is asaumed to be 
linear, the result is a'plot as shown in Figure A. The 
line a~b—c will then show the variation of critical pressure 
with residual gas concentration at 1800 EPH, and the line 
xey-" wlll show the variation at 900 REN. The fuel is 
assumed to be one which acts like iso-octane giving higher 
critical pressures at higher lrk's. 


FIGURE A 


| 1800 R.P.M. 


a : | 900 R.P.M. 


mi 


Residual Gas Concentration (f) 


Furthermore, it should be noted that at any point (s) 
on the 900 RPM line the same concentration of residual gas 


is in contact with the end gas for a longer time than at the 
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corresponding point (c) on the 1800 RPM line, the time of 
contact being inversely proportional to the RPM. 

In order to compare the effect of residual gas concentra- 
tion on the end gas at different EFF, a satisfactory basis of 
comparison hed to be decided upon. If compression is assumed 
to be isentropic and two initial cylinder charges are chogen 
with identical fwel-air ratio, residuel gas concentroticn, 
and initial entropy, both charges will follow the same 
compression path as plotted on a Preesvre-Volume diagram or 
femperature~intropy diagrem even though one charge is com- 
pressed at 900 HRPM and the other at 1800 KP. 

By taking four such cherges with identical initial 
entropy, two of which have a low residuel gas concentration 
and two having & high residual gas coneentration, the critical 
pressures may be measured and & plot may be constructed 
Bimilar to Figure A. The absolute slopes of these plotted 
lines may then be explained on the basis of 

(1) the residual gas concentration in the end gas, and 

(2) the length of time in which the residual gas is 

in contact with the end gas. 

In performing this experiment, two cylinder charges 
were chosen with the same initial entropy but with different 
residual gas concentration and the necessary date was obtained 
at 900 RF to plot a line gimilar to x<-y~-z in Figure 4. This 
was repeated at 1800 RPM attempting to maintain the same 
initial entropy and thereby plot a line similar to a-b-c. 


The actual experimental methods used are described below, 
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RAPERIMENTAL FROCEDURE 

Prior to firing, the engine was motored for several 
minutes by means of the cynamonoter. Since the drying 
tower had to be reactivated after fourteen hours of use, 
atmospheric air was used during this and all other times 
that actual runs were not being made. At this time the 
top-dead-center line on the high spee€ indicator machine 
was checied and necessary adjustments were made if needec. 
The barometer Was also resd and calculated to an accuracy 
of one-hundredth of an inch of mercury. An approximate 
fuele-air ratio was set ane when the temperature in the 
mixing tank reached = point where complete vaporization was 
assured, the ignition was turned on and the engine allowed 
to fire. After a warm-up period of about one hour, the IPM 
was adjusted to thet desired. 

In order to have a logical basis of comparison between 
runs made with the same fuel and same HFM but with different 
residual gas content, it was necessary to make some one point 
on the compression stroke of each of the two runs identical 
in cylinder pressure and specific volume, end consequently 
the same entropy. This point wac arbitrarily taken at 110° 
of crank angle befcre top-dead-center as measured on the 
indicator card of the high-speed indicator machine. This 
point was chosen as close to the beginning of the compression 
stroke as possible consistent with good accuracy of pressure 


mensurement on the indicator card. 
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It was decided to vary the residual gas content by 
means of the exhaust pressure. The two values of exhaust 
pressure used were 45 psia and 14.7 psia for high and low 
residual gas content respectively, with the exception of 
Ethyl Benzene. These pressures were obtained by means of 
a throttling valve placed in the pipe between the exhaust 
tank and the laboratory exhausting pump. 

since the high exhaust pressure was difficult to 
control, the first of each series of two runs was made with 
an exhaust pressure of 45 psia. The inlet temperature was 
held constant at a low value but high enough to give complete 
vaporization of fuel in the mixing tank. Inlet pressure was 
adjusted to give incipient detonation at a reasonable 
compression ratio. 

With the RPM, exhaust pressure, inlet temperature and 
inlet pressure held constant, the air flow rate was measured 
and the corresponding fuel-air ratio was set by means of the 
rotameter and controllable flow fuel pump. ‘The compression 
ratio giving incipient detonation was then obtained. Air flow 
rate was again measured, and, if a small deviation was noticed, 
the fuel rate was changed to keep a constant fuel-nir ratio. 
The compression ratio was again checked, and, if a change was 
necessary, it was always so slight that no measurable difference 
was noticed in any of the other variables. 

At this point all operating conditions were held constant, 


and pressure versus crank angle diagrams were made by means of 
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the M.I.'. high-speed indicator card machine. These cards 
were used in the determination of residual gas content, 
critical pressure, and for maintaining similar cylinder 
conditions at 110° before top center for comparable runs. 
Depending upon the type of fuel used, with their accompany- 
ing cylinder pressures, cards were taken using springs giving 
either 10 1b/in. er 20 lb/in. ordinate for high accuracy at 
low pressures; and either a 150 lb/in. or 200 lb/in. ordinate 
spring was used for determining the critical pressure obtained 
in the cycle. 

The eylinder pressure occuring at a point 110° BTC. 
was measured from either the 10 lb or 20 lb card, and the 
specific volume of the cylinder gases at this point was computed 
by the equivalent cycle method. (See Appendix A) 

For the second rum of the series using the game fuel and 
engine RPM but with 14.7 psia exhaust pressure and consequent 
lower residual gas content, it was necessary to duplicate 
this cylinder pressure and specific volume at 110° B.7.C. 

To accomplish this, a new card was inserted in the 
indicator machine on which this same pressure was marked at 
110° B.7.C. The inlet temperature was raised and the inlet 
pressure was adjusted until the compression line on the second 
run ran through the marked pressure point. With the pressure 
thus fixed, the remaining variable was the specific volume. 


This was computed by the same equivalent cycle method and, if 
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in disagreement with the volume found for the first run, 
the inlet temperature was lowered or raised to decrease 

or increase the specific volume, At the same time, the 
inlet pressure was readjusted to keep the compression line 
going through the marked point. After several trials, a 
combination of inlet temperature and inlet pressure was 
found to cive the same pressure and volume in the cylinder 
at 110° B.T.C. as in the first run. 

When this combination hed been found, all variables 
were held constant and cards were again taken on the high-~- 
speed indicator machine. 

This procedure was used for each fuel in an attempt 
to obtain identical compression entropies at 900 and 1800 
RPM's. (See Precision of Results) 

With Ethyl Benzene it was necessary to use an inlet 
temperature of 150° F instead of 120° F to insure complete 
vaporization of the fuel in the mixing tank. As a consequence, 
the volume for the high exhaust pressure run was so high that 
it could not be duplicated in the low pressure run by raising 
inlet temperature alone. ‘Thus it was necessary to increase 
the exhaust pressure above the 14.7 psia value to raise the 


volume at 110° B.1.C. to the necessary value. 
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RESULTS 


The results of this experiment are contained in Table 
I and Figures 5 and 6. 

In all the fuels tested, the critical pressure increased 
with an increase in residual gas concentretion, thus giving a 
positive slope to all plots of critical pressure versus residual 
gas concentration, regardless of RFR. 

However, the difference in slope of the 1800 PN line 
relative to the 900 RPM line for each fuel is caused by the 
change in the time of contact of the residual gas with the end 
gas. These differences in slope were found to be as follows: 

Iso-Getane: The slope of the 900 KrM line is greater 

than that of the 1800 RPM line. 

Ethyl Bensene: ‘The slope of 900 RPN line is greater 

than that of the 1800 RPM line. 

Triptane: ‘The slope of the 1800 EPH line is greater 

then that of the 900 TPH line. 

Di-iso-butylene: The slope of the 1800 KPH line is 

greater than that of the 900 KPM line. 

With Ise~Octane a higher critical pressure was obtained 
with 1800 RPM regardless of residual gas.concentration. How- 
ever, Ethyl Benzene, Triptane and Di-iso-butylene gave higher 
eritical pressures using 900 RPM for all values of residual 


gas concentration. 
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The pressure versus time curve (Fig. 6) shows that the 
rate of compression for 1600 HRPM is greater than that for 


900 HPM at all comparable points on the compression path. 
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DISCUSSION OF HESULTS 


The results of this experiment (Fig. 5) show that 
there is a difference in the relative slopes of the 
990 EPM and 1800 RPM lines for a given fuel. 

Iso-Octane and Fthyl Benzene show the 900 KPM line 
2s having @ greater slope than the 1800 RPM line. This 
indicates that a shorter time of contact between the 
residual gas and the end ges allows the end gas to 
detonate more easily. 

Di-iso-butylene and Triptane show the 1800 RPM 
line as having a greater slope than the 900 HP line, 
giving opposite results to those obtained for Iso-Octane 
and Ethyl Benzene. That is, a shorter time of contact 
between the residual gas and the end gas allows the end 
gas to detonate less easily. ‘the effects as evidenced 
by the slight differences in slope are quite smail. 

In an attempt to explein the above effects, it is 
assumed that residual gas in some way catalyzes or inhibits 
the preliminaries to detonation in the end gas. That is, if 
the chemical preliminaries to detonation were inhibited by 
the residual gas, as in the case of Iso-Octane and Ethyl 
Benzene, and if the preliminaries to detonation were catalyzed 
by residual gas as in the case of Di-iso-butylene and Triptane, 
then the observed effects are explained. 


It must be pointed out that this discussion spplies only 
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to the relative slopes of the 900 KPM and 1800 IPM lines for 
any given fuel and consequently deals cnly with the effect of 
residual gas concentration on the pressure~time characteristics 
of the fuels studied. 

The results also show that all fucls at all WH's have 
positive increases in critical pressure with an increase in 
residual gas concentration. This increase can be explained by 
the fact that the residual gas dilutes the end gas and may, 
therefore, inhibit the processes necessary to bring the end 
gas to explosion. This effect may be purely a physical one, 

i. @., keeping the reacting molecules of the end gas apart 
physically, thus reducing the rate at which chain reaction pro- 
ceeds. The dilution effect is influenced by the participation 
of the residual gas components in the chemical preliminaries to 
detonation as discussed in the preceding paragraphs. 

Te rate of compression of the residual-end gas combination 
was higher at 1800 FPM than at 900 KPM, but under the experimental 
conditions used, there was no way of maintaining a constant rate 
of compression for all fuwels at the same RPM. Hence, no 
comparative discussion can be made on the effect of rate of 


compression. 
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PRECISION OF RESULTS 


DETONATION 

‘he error involved in judging the detonation level 
of a given fuel under different operating conditions were 
almost entirely personal since the critical compressicn 
ratios wore judged entirely by observation of the oselllo- 
graph pattern. A single operator was charged with the 
estimation of incipient detonation. “he variation in 
compression ratio for several rung is given below for 
Sriptane. 


Run Trial Micrometer Compression Error in 


Number Number Reading Retio Estimated C.R. 
12 1 «204 7.39 0 
12 2 2207 7 056 203 
12 3 0202 741 +.92 
12 & 0209 704 -~.05 


Other fuels were checked in a similar manner. It 
ean be seen thet the reproducibility of estimating the 
incipient detonation point was consistent within a meximum 
of plus or minus .05 units. It must be pointed out, , how- 
ever, that a different operztor could easily get consistent 
resulta of higher or lower readings than those mentioned 
above. Since the oscillograph method is the best procedure 
yet found for detecting incipient cetonation in the judgment 
of the authors, the fallibility of this method hed to be 


accepted. 
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ENGINE INDICATOR 

Ho error was essumed for the .I.T. high-speed engine 
indicator card machine as the cyclic variation of cylinder 
pressures caused a line width anc seatter of points greater 
than any inherent error in the machine. 

Presgure mesgurement readings taken «et 110° B.7.C. 
and 140° A.DeC. (for equivalent cycle computation) were 
accurate +o the width of the compression and expansion 
lines at these points giving accuracy of within 1%. ‘The 
measurement of peak pressures was more difflenit due to 
considerable cyclic variation during the combustion process 
causing a spreed of as much es 5% in peak pressure points. 
The actual everage could be plus or minus 2% from the 
average measured. 

The balanced pressure pick-up unit used was tested 
and the actuating pressure difference required was found 
to be .57 1b/in.* Assuming the unit acted the same under 
operating conditions, this would be a 1.5 - 2.0% error at 
110° B.t.c. and négligble error at all other pressures 
meusured,. 

CLEARANCE VOLUME 

The clearance volume ef the engine was carefully 
measured by checking the measured clearance volume against 
figures obtained by Professor W. Leary, of the actual com- 
pression ratios required for definite cylinder volwnes. 


The piston was set on top-dead-center, both valves closed 
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and distilled water was poured into tho clearance vclume 
until the volume was filled. The volume of water used 

wag cheeked against the figures mentionec above. Hepro- 
ducibility was found to be within 2% It in estimeted that 
less than 1% error in clearance volume versus compression 
ratio existed during the experiment. 

AIR MEASUREMENT 

Mass rate of air flow was calculated by the expression 
H, = «1825 ( hP,/?,)® where M, = lb. air/sec., h = pressure 
Grop across the orifice in inches of water, P, = pressure 
before the orifice in inches of mercury and T, = tempera- 
ture of air before the orifice in °F abs, 

Air flow was one of the most difficult of the variables 
to measure due to a periodic surge in the pressure drop 
across the orifice. <A surge occurred when the main sir 
supply compressor turned on causing a emall increase in Bo 
andi a larger increase in pressvre drop across the orifice, 
despite two pressure regulator valves in series between the 
supply line and the engine induction system. Since the 
averaging of the value of pressure drop was done by the 
same operator for 911 runs, it is felt that the relative 
values of M, are quite good, and,since the surges were on 
the order of 5%, the absolute error should not exceed 2%, 
FUEL MEASUREAENT 

The retometer was calibrated by weiching each fuel with 


& sensitive balance. This calibration was done at various 
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fuel temperatures, the range being approximately 15°F. 
The curves could be read with a temverature accuracy of 
plus or minus 1° y. During running, however, the rotameter 
reading had an estimated veriation of nlus or minus 2%. 
INLET TLMPERATUNE 

The inlet temperature was controlled within plus or 
minne 1°F of the desired reading. 
WW 

The REM could be controlled within a negligible error. 
EXHAUST PRESSURE — 

The exhavst presaure was held within a plus or minus 
-5 psi when operating with high exhaust pressure. When low 
exhaust pressure was used, the variation was less than .l 


inch of mercury. 


REPRODUCIBILITY OF RESULTS 

The criteria selected for the reproducibility of 
the apparatus were the pressure and specific volume at 
110° B.T.C. 

The recording run variables (i. e. inlet temperature, 
RPM, spark advance, coolant temperature, rotameter reading, 
exhaust pressure, inlet pressure) were duplicated correcting 
for fuel temperature. Incipient detonation was then, in 
the judgment of the oscillograph operator, reproduced, 
The reproducibility of critical experimental values is 


tabulated below for comperison. 


Compression Critical At 110° B.T.C. 

Trintane Ratio f Pressure Vol. Pressure 

Recording run 7.80 .057 890 11.39 24.7 

Check run 7.84 .057 890 11.30 24.7 
iso~Octane 

Recording run 8.76 .1025 723 14.4 20.9 

Check run 8.67 104 725 14.58 20,9 
Di-iso-butylene 

Recording run 6.82 052 705 12.97 21.5 

Check run 6.77 .0518 708 12.8 21.5 


A check run was not attempted on Ethyl Benzene due to 
lack of time. 
It can be seen from the above data that the compression 


ratio variation at the maximum was 1% ‘The maximum varietion 
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in residual gas concentration was about 2%. Critical 
pressure and the specific volume and pressure at 110° 
B.7.C. were matched with negligible errer. It is, there- 
fore, estimated that the overall reproducibility of the 


apparatus was within plus or minus 1%. 





SUGGESTIONS FOR FUTURE STUDY 


Since the effect of residual gas concentration on the 
pressure-time characteristics of the fuels studied was not 
found to be the cause of the observed KPM-detonation reversal, 
it is suggested: 

1. A similar experiment be conducted with no residual 
gas per cycle to see if the reversal effect is still present. 

ee The straight line variation of critical pressure with 
residual gas concentration, as was assumed, should be investi- 
gated. 

oe The effect of radiation from the flame front to the 
end gas should be studied. 

4 The effect of inhibiting reactions (if any) in the 
early part of the compression procegs shovld be further 


investigated. 
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THE EQUIVALENT CYCLE METHOD 


Symbols: 
Be lbs. of air used per cycle 


f = ratio of mass of residusl gas to total gas mass per cycle 


F = ratio of mass of fuel to mass of air per cycle 


M = total gas mass 
¥V = total gas volume 
Derivation 
In the cylinder: 
The mass of fuel and air used per cycle = B(1 + F) lbs. 
Then the total gas mass per cycle 2 abr lbs. 
In the Hershey, Eberhardt, and Hottel charts of the 
thermodynamic characteristics of fuel-air mixtures before 
and after combustion: 
The total chart mass = (1 + F) lbs. 
Therefore peng = pohert = wet 


~- (1 - f) 
——— 


- f) 
And thus, Venart = Vey “= 
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SAMPLE CALCULATION FOR 
ISO-OCTANE AT 900 RPM 
(RUNS NO. 13 and 14) 


Given: Py = 51.68" Hg M, = -00874 1b/sec. 
T,; = 120° F = 117.6% chem. correct 
Pe = 45 pala My = 000675 1b/sec. 
ra 8.72 


Required to find (f): 
Verenrance = °002798 ft.* 
Vaisplacea = °01958 ft.5 at 140° A.7.¢, 
Voylinder = -022578 ft.° 
Bs aan ane = 001164 lb/air cycle 
Now for first approximation assume f = .102 
Then Vonart = -02207extd— 102) - a7,25 rt.°/1p. 
At 140° A.T.C. P = 56.95 psia from indicator card 
Now locating this point on the "burned" therno- 
dynamic charta and expanding isentropically to 
an exhaust pressure of 45 psia, a corresponding 
volume was read which was 20.8 ft.°/lb. 
Venart = 0027 96x = 2202) = 2.155 ft.°/1b. at top center 
And, therefore, f = 2,156 = .L086 

Required to find thermodynamic conditions at 110° B.T.C.: 
Velearance = +002798 
Vaisplacea = °01557 at 110° B.T.C. 


Voylinder = -918568 ft.° 
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(1 = .1036 ) 
2001164 


From indicator card P = 20.85 psia 


Vonart = °028568x = 14.12 at 110° B.%.Cc. 


In the second run, exhaust pressure wes lowered to 14.7 psia. 
Fo obtain similar thermodynamic conditions at 110° B.7.¢., 


it was necessary to use? 


Py 52.66 "He 


T, = 224° F 


hip = .0096285 lb/sec. 


Mp = -000751 1b/sec. 


This resulted in a critical compression ratio of 6.95. 


re o 
Velearance = ¢005645 ft. 


3 


Vaisplacea = +9958 ft.” et 140° A.7.C, 


3 
Veylinder = °025223 ft. 


Bx 22 28 Rox 60 ~ ,001282 1b/air cycle 


For first approximation assume f - ,05 

Then V wart = -ors2ex(2— 205) 17.2 ft. /ld. at 140° A.T.C. 
From indicator card P = 59.45 psia 

Again expanding isentropicelly from this point on the 
"burned" chart.. but to an exhaust pressure of 14.7 psia, 

the corresponding volume was 51.0 Ft.°/1b. 


Yumnee © 003644x'2 = 208) = 2.70 ft.°/1d. at top center 


And f 2 otis = 0529 





To find the thermodynamic conditions at 110° B. T. C.: 


= 0086437 ft.° 


Volearance > 


Vaisplecea = 01557 ft.” 
Veylinaer = +019215 ft.” 
Venart = 019215 ‘= 50589) . 14.21 rt. */1b. at 110° B.7.C. 
From indicator card P = 20.85 psia. 
fe points thus found for 110° B.T.C. were indistinguishable 
from each other when plotted on the “unburned” chart, and, 


therefore, were considered to be identical in entropy. 
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